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ABsTRACT—Gerhardtia foliicola is reported as a new record for Pakistan. The species is 
characterized by a reddish brown and hygrophanous pileus, densely crowded lamellae, small 
sized ellipsoid basidiospores with irregular outline and occurrence on leaf litter and humus in 
broadleaf forests. Our phylogenetic analysis based on nuclear ribosomal internal transcribed 
spacer (nrITS) region clustered the Pakistani collections in the same clade with G. foliicola 
sequences from Japan. Detailed description of macro- and micro-characters, habitat, general 
distribution, and diagnostic features important for delimiting G. foliicola from closely related 
taxa are presented. 
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Introduction 

Gerhardt (1982) published Lyophyllum subg. Lyophyllopsis Ew. 
Gerhardt [non Lyophyllopsis Sathe & J.T. Daniel (Sathe & al. 1981)], with 
L. incarnatobrunneum Ew. Bernhardt as its only species. Bon (1994) 
raised this subgenus to generic rank as Bernhardtia Bon stat. & nom. nov. 
(Agaricales, Lyophyllaceae). The type species, G. incarnatobrunnea (Ew. 
Bernhardt) Bon, is a more recent heterotypic synonym of G. borealis (Fr.) 
Contu & A. Ortega (Contu & Ortega 2002). Distinguishing characters 
of the genus include siderophilous granulation of basidia, minutely 
verrucose ornamented basidiospores, pileipellis in form of a cutis or a 
trichoderm, and the absence of clamp connections (Bon 1994). Vizzini & 
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al. (2015) emended the genus recently to emphasize smooth or verruculose 
basidiospores, an absence of clamp connections, and a pileipellis in form of 
a cutis, trichoderm, or hymeniderm. 


Gerhardtia is a small genus (He & al. 2019) with c. seven accepted 
species which are distributed in Europe, New Zealand, North and South 
America, and China (Baroni 1981; Bon 1994; Contu & Ortega 2002; Contu 
& Consiglio 2004; Kalamees 2008; Mešić & Tkalčec 2009; Cooper 2014; 
Vizzini & al. 2015, 2017; Li & al. 2017; Matheny & al. 2017). 


Gerhardtia foliicola, originally described from Japan as Tricholoma 
foliicola Har. Takah. (Takahashi 2001), is characterized by a saprotrophic 
habit and smooth basidiospores with an irregular outline (Endo & al. 2019). 
Species of Tricholoma (Fr.) Staude are characterized by tricholomatoid 
stature, smooth, white, and sub-globose to oblong basidiospores, and 
an ectomycorrhizal association with woody plants (Singer 1986), which 
conflict with the key characteristics of Gerhardtia. 


Knowledge about Gerhardtia is limited, and previously no species of 
the genus has been reported from Pakistan. During various mycological 
expeditions, basidiomata of G. foliicola were collected that are presented 
here as a new species record for Pakistan mycobiota. 


Materials & methods 


Collection site 


Specimens were collected from Kumrat valley which lies at the end of Dir Upper 
district, Khyber Pakhtunkhwa, Pakistan. The area falls in the alpine zone of the 
foothills of Hindukush where elevation ranges from 2439 to 3048 m above sea level 
and the annual rainfall is 52.43 cm (Stucki & Khan 1999, Siddiqui & al. 2013). The 
area has a dry temperate climate and is dominated by Pinus wallichiana A.B. Jacks. 
and Cedrus deodara (Roxb. ex D. Don) G. Don (Gillett 2001, Ahmad & Nizami 2015). 


Morphological examination 


Basidiomata were collected during July-August 2019 and photographed and 
morphologically characterized in the field. Munsell (1975) is followed for color 
designations. For long term preservation, specimens were dried using an electric 
fan heater. Basidiomata were hand-sectioned and mounted in 5% KOH and in 
Congo red for contrast purposes. Melzer’s reagent was used to check basidiospore 
amyloidity. Specimens were examined microscopically using a Meiji MX4300H 
compound microscope. Basidiospore, basidial, basidiole, and pileus and stipe hyphae 
measurements were determined from at least 20 observations at 1000 x magnification. 
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The abbreviation [n/l/p] refers to n (number of basidiospores) measured from 1 
(number of basidiomata) and p (number of collections). Basidiospore dimensions 
are given as (a—)b-c(-d). The abbreviations used are Q = length/width ratio of spores 
and avQ = average Q from all basidiospores + standard deviation (Ge & al. 2010). All 
specimens were deposited in the Herbarium, Institute of Botany, University of the 
Punjab, Lahore, Pakistan (LAH). 


DNA extraction, PCR and DNA sequencing 

Genomic DNA was extracted from 5-20 mg of dried specimens using a modified 
CTAB method (Bruns 1995). The ITS1 +5.8S ITS2 regions were amplified in a 
polymerase chain reaction nuclear ribosomal DNA using primers ITS1F and ITS4 
(White & al. 1990, Gardes & Bruns 1993). Amplified products were sent to TsingKe 
China for further purification and bidirectional sequencing. 


Phylogenetic analyses 

Both forward and reverse primer reads were manually edited and assembled to 
generate a consensus sequence in BioEdit 7.2.5. (Hall 1999). Homology searches 
were carried out at NCBI webpage using the BLAST tool, and sequences with closest 
identity were downloaded. Closest relatives of the species and some other sequences 
representing the Lyophyllaceae were selected following phylogenetic studies 
(Moncalvo & al. 2000; Hofstetter & al. 2002; Cooper 2014; Bellanger & al. 2015; 
Vizzini & al. 2015, 2017; Latha & al. 2016; Li & al. 2017; Matheny & al. 2017; Yang & 
al. 2018; Endo & al. 2019). All ambiguous portions with missing data and gaps were 
omitted from the final matrix. Online MUSCLE tool by EMBL-EBI, (http://www. 
ebi.ac.uk/Tools/msa/muscle/) was used for multiple sequences alignment (Edgar 
2004). The maximum likelihood tree was generated using CIPRES Science Gateway 
employing RaxML -HPC 2 on XSEDE with 1000 bootstrap pseudoreplicates (Miller 
& al. 2010). Rapid bootstrap search was performed and GT[RGAMMA model was 
chosen. The generated tree was rooted with Myochromella boudieri (Kihner & 
Romagn.) V. Hofst. & al. (GenBank ITS: AF357047) from Switzerland as outgroup 
(Matheny & al. 2017). Bootstrap values 250% were cited on tree as significant. 


Phylogenetic results 

Our sequences showed 99% identity with Gerhardtia borealis (KR673544) 
from Korea and 99% similarity with G. foliicola (LC458831, LC458827, 
LC458828, LC458834, LC458829, LC458833) from Japan (Fic. 1). A total of 
39 ITS sequences were assembled for phylogenetic reconstruction. The final 
alignment was 732 bp, of which 317 sites were conserved, 372 were variable, 
261 were parsimony informative, and 102 were singletons. Maximum 
likelihood analysis clustered the sequences from our Pakistani collection 
with Japanese G. foliicola with a strong bootstrap support (94%). 


678 ... Izhar & al. 


LC458828 G 
LC458834 
621 1.C458830 
LC458829 


81 


LC458832 
LC458833 
LC458831 
KR673544 G 

9° KP192534 G. 
66] KP858004 C 
°° | MH27062 


94 


89 


99 


90 


99 


100 KP012786 Gerhar 


KT 


KY36357 
91 KU366466 Ca 

63 100 KP858002 
KP858003 C 


100K J461890 Lyophyllum moncalv o 

100]! KJ461906 Lyophyllum moncalv 

98 KJ461904 Lyophyllum moncalv 

59 HM572525 Lyophyllum shime 

93 100 | HM572526 Lyophyllum shi 
KY684031 Lyophyllum shimeji. 

97 AF357039 Sagarnella tyli 
AF357041 Sagarnella gibbe 

AF357047 Myochromella boudieri 


0.06 


Fic. 1. Maximum Likelihood analyses of Gerhardtia foliicola and related taxa based on ITS 
sequences. The bootstrap values >50% given above branches. Species collected from Pakistan are 
highlighted in bold. The analysis included 37 nucleotide sequences. 


Taxonomy 


Gerhardtia foliicola (Har. Takah.) N. Endo, S. Ushijima, Nagas., 
Sotome, Nakagiri, & N. Maek., Mycoscience 60(6): 324. 2019. Fics 2, 3 


BASIDIOMATA thick, dry, clustered. PrLeus 35-75 mm, hemispherical 
with rolled margins at first, later becoming convex to applanate, surface 
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Fic. 2. Gerhardtia foliicola: basidiomata. 
A, B = LAH 36419: C, D = LAH 36420. Scale bars = 2 cm. 


glabrous, shiny when young, later dry, hygrophanous, bright reddish brown 
(5YR5/6), dull reddish brown (5YR5/4) to dull orange (7.5YR7/4), somewhat 
paler towards the margin. LAMELLAE white (N10), adnate to emarginate, 
thin, dense, lamellulae abundant. STIPE 40-120 x 10-30 mm, equal to 
clavate, sometimes with a bulbous base, slightly fibrillose, base covered with 
white tomentum, thick, solid, white (N10), light grey (5Y8/2) near the apex. 
ANNULUS and votva absent. ODOR and TASTE not recorded. 
BASIDIOSPORES [40/2/1], (4-)4.7-5.2(-5.5) x (1.7-)1.9-2.5(-2.6) um, avl 
x avw = 4.6 x 2 um, Q = 2.1-2.3, avQ = 2.2 um, oblong to ellipsoid, smooth, 
sometimes with tubercles of irregular outline, thin-walled, hyaline in KOH, 
inamyloid. Basmta (19-)20-25(-27) x (4-)4.6-6.2(-7.6) um, avl x avw = 
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Fic. 3. Gerhardtia foliicola (LAH 36419, LAH 36420). 
A. Basidia; B. Basidiospores; C. Basidioles; D. Pileus hyphae; E: Stipe hyphae. 
Scale bars = 5 um. Line drawings by: Aiman Izhar. 
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22.6 x 5.3 um, clavate, 4-spored, hyaline in KOH, clamp connections absent. 
BASIDIOLES (10.6—)13-—23(-28) x (2.8-)2.9-4.7(-5) um, avl x avw = 17.7 x 
4.2 um, clavate, basal cells septate, hyaline in KOH, clamp connections 
absent. CHEILOCYSTIDIA and PLEUROCYSTIDIA absent. PILEIPELLIS a cutis, 
hyphae 2-6.5 um (avw = 4 um) diam., thin-walled, septate, branched, ends 
clavate, cylindrical, hyaline in KOH. STIPITIPELLIS a cutis of parallel hyphae, 
4-11 um (avw = 7.7 um) diam., hyaline in KOH, frequently septate, clamp 
connections absent. 

HABITAT & DISTRIBUTION— Growing on leaf litter under cedars and 
pines. This species was originally reported from Japan and now for the first 
time from Khyber Pakhtunkhwa province, Pakistan. 


SPECIMENS EXAMINED—PAKISTAN. KHYBER PAKHTUNKHWaA: Dir (Upper) district, 
Kumrat valley, 35°34’56”N 72°10'10’E, elev. 2439 m, found among pine needles, 25 
July 2019, Abdul Nasir Khalid K-204 (LAH 36419; GenBank: MT476982; found on 
forest floor under Cedrus deodara and Pinus wallichiana, 15 August 2019, Abdul 
Nasir Khalid KU-19 (LAH36420; GenBank: MT476983). 


Discussion 

Gerhardtia foliicola, originally described from Japan as Tricholoma foliicola, 
is characterized by its habit on leaf litter, a dry, glabrous and hygrophanous, 
reddish brown pileus, adnate and very crowded lamellae, small ellipsoid 
basidiospores, and hyphae lacking clamp connections (Takahashi 2001). After 
taxonomic reconsideration, Reschke & al. (2018) recommended transfer 
of T. foliicola to Gerhardtia, a recombination later supported by molecular 
phylogenetic analyses (Endo & al. 2019). Takahashi (2001) reported this 
species from a broadleaf forest dominated by Quercus myrsinifolia and 
Q. serrata; Endo Sc al (2019) reported it as growing on humus or on leaf or bark 
litter of coniferous or broadleaf trees. Our findings confirm its occurrence in 
coniferous forests. 

Our molecular phylogenetic analysis clustered the Pakistani collections in 
the same clade with Japanese collections of Gerhardtia foliicola and with a 
specimen from South Korea (Ulleungdo) labeled as G. cf. borealis (KR673544), 
which probably also represents G. foliicola. Phylogenetically our nrITS 
sequences have a single nucleotide difference at the 395 bp position when 
compared with the Japanese sequences. The Pakistani G. foliicola specimens 
possess a larger pileus, longer stipe, oblong to ellipsoid basidiospores, and 
thinner pileus hyphae contrasting slightly with the Japanese collections 
(characterized by a smaller pileus, shorter stipe, sub-cylindrical, ellipsoid or 
subfusiform basidiospores, and broader pileipellis hyphae). Geographically, 
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Japanese collections are recorded from temperate region and on humus and 
litter under conifers (Pinus thunbergii Parl., P. densiflora Siebold & Zucc., 
P. parviflora Siebold & Zucc., Tsuga diversifolia (Maxim.) Mast., and broadleaf 
trees (Quercus spp.), (Endo & al. 2019). The Pakistani specimens were recorded 
from a dry temperate climate under Cedrus deodara and Pinus wallichiana. 

Gerhardtia borealis, a sister species to G. foliicola is morphologically the 
closest counterpart. However, it differs from G. foliicola by its quite distant 
lamellae, larger (6-8.5 x 4-5 um) basidiospores, and growth on clay or sandy 
soil in coniferous forests (Contu & Consiglio 2004). This species is also 
phylogenetically well separated, forming a monophyletic clade that is sister to 
G. foliicola (Gerhardt 1982, Bigelow 1985, Contu & Consiglio 2004). 
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